Viral genomic RNA was purified from BHK-21 cells infected with epizootic haemorrhagic disease virus and the 10 dsRNA genome segments were isolated by polyacrylamide gel electrophoresis. These genome segments were translated in vitro using the rabbit reticulocyte lysate system and the synthesized proteins were detected by immune precipitation and gel electrophoresis. This allowed the assignment of protein coding to the genome segments and the identification of two additional virusspecified proteins not readily detectable in lysates of virus-infected cells.
INTRODUCTION
Epizootic haemorrhagic disease virus (EHDV) is a member of the Orbivirus genus of the family Reoviridae (Borden et al., 1971 ; Matthews, 1982) . EHDV causes acute disease in both domestic and wild ruminants (Shope et al., 1960; Metcalf & Luedke, 1980; CouviUion et al., 1981) . The genome of EHDV is composed of 10 segments of dsRNA (Huismans et al., 1979; Kontor & Welch, 1976; Knudson et al., 1982; Kusari & Roy, 1986) . Between eight and 12 EHDV structural and/or non-structural proteins have been tentatively identified by polyacrylamide gel electrophoresis (PAGE) of purified virions and infected cell extracts (Huismans et al., 1979; Kusari & Roy, 1986 ). The precise identification of viral proteins has been prevented by the presence of cellular proteins and relatively small amounts of certain viral proteins in the purified virions or infected cell extracts. In addition, some proteins identified by PAGE may not be unique viral proteins but may be cleavage products of other proteins.
In vitro translation of dsRNA to determine the protein coding assignment of RNA segments was first accomplished with reovirus (McCrae & Joklik, 1978) . In vitro translation of the dsRNA of bluetongue virus (BTV), which is an orbivirus containing 10 dsRNA genome segments (Verwoerd, 1969; Verwoerd et al., 1970) , has permitted the protein coding assignment of the individual genome segments (Grubman et al., 1983 ; Mertens et al., 1984) . This information has been of value in determining which genome segments code for viral proteins possessing important biological epitopes such as group-or serotype-specific antigenic determinants, It is not known which genome segments code for which EHDV proteins. To discover which segments code for the proteins the RNA of EHDV was isolated and translated in vitro using the rabbit reticulocyte lysate system. This permitted the identification of 10 virus-specified proteins and determination of the coding assignment of the individual genome segments.
METHODS
Virus and cell culture. The Alberta strain (1962) of EHDV was plaque-purified and grown in BHK-21 cell culture. BHK-21 cells were obtained from the American Type Culture Collection and were grown in Eagle's minimal essential medium containing penicillin (100 units/ml), streptomycin (100 ~tg/ml) and 10 ~ foetal bovine serum.
0000-8148
PAGE. Protein samples were suspended in sample buffer ,(2.5 % 2-mercaptoethanol, 1-25 ~ SDS, 0.38 M-glycine, 0'05 M-Tris base, 10~ glycerol) and electrophoresed in 1.5 mm thick slab 10~ acrylamide gels as previously described (Laemmli, 1970; Mecham et al., 1986) . The following 14C-labelled proteins were used as Mr standards: phosphorylase B (97000), bovine serum albumin (69000), ovalbumin (46000) and carbonic anhydrase (30000) (New England Nuclear). The separated proteins were visualized by autoradiography after impregnating the gels with En3Hance (New England Nuclear) and exposing them to Kodak X-Omat AR film for appropriate lengths of time.
Purification of viral dsRNA. Confluent monolayers of BHK-21 cells were grown in 850 cm 2 Coming roller bottles and infected with virus at a low multiplicity of infection (0.01 p.f.u./cell). The infection was allowed to proceed to 100K c.p.e. (48 to 72 h post-infection). The infected cells were pelleted by centrifugation at 2000 g for 15 min, resuspended in NTE buffer (0-2 M-NaC1, 50 mM-Tris-HC1 pH 7.6, 5 mM-EDTA) and homogenized at 4 °C with a Dounce homogenizer. After centrifugation at 2000 g for 15 rain to remove the nuclei and cell debris, the supernatant fluid was adjusted to 1 ~ (w/v) SDS and extracted with an equal volume of phenol saturated with NTE buffer. The aqueous layer was extracted again with phenol:chloroform:isoamyl alcohol (49:49:2) followed by extraction with chloroform :isoamyl alcohol (24:1). After adjusting the aqueous layer to 0.4 M-NaC1, the nucleic acid was precipitated with 2-5 volumes of 95~ ethanol for 10 min on ice. The nucleic acid was pelleted by centrifuging at 10000 g for 20 min and the resulting pellet was lyophilized. The pellet was resuspended in 0.02 ~t-Tris-HCl pH 7.4 containing 0.01 M-MgCI 2 and the suspension was treated with 0.5 mg/ml of DNase (Sigma) for 1 h at 37 °C. The sample was re-extracted with phenol, phenol : chloroform :isoamyl alcohol and diethyl ether. The aqueous layer was adjusted to a final concentration of 3 M-ammonium acetate, alcohol-precipitated and lyophilized. RNA samples were resuspended in distilled water, distributed into aliquants and stored at -70 °C.
Fractionation of viral RATA. RNA samples were diluted in PAGE sample buffer without SDS and the RNA segments were separated on a preparative 5~, 1.5 mm thick polyacrylamide slab gel. The RNA bands were visualized in the gel with ultraviolet light following staining with ethidium bromide (0.1% in electrophoresis buffer without SDS). The RNA bands were excised with a razor-blade, cut into smaller pieces, suspended in NTE buffer, and crushed through an 18-gauge needle. The RNA was eluted overnight at room temperature. This mixture was filtered through siliconized glass wool to remove the pieces of gel and the ethidium bromide was removed by two extractions using an equal volume of water-saturated isobutanol. To ensure that no monomeric acrylamide remained in solution, the samples were extracted again with phenol, phenol:chloroform:isoamyl alcohol and diethyl ether followed by ethanol precipitation and lyophilization. The purity of the isolated species of RNA was confirmed by electrophoresis in a 10~ polyacrylamide gel and by silver staining (Bio-Rad).
In vitro translation and analysis of translation products. Viral dsRNA was denatured with 0.01 M-methylmercuric hydroxide for 10 min at 37 °C. The denatured dsRNA was translated in vitro using a commercial rabbit reticulocyte lysate kit (New England Nuclear) according to the protocol provided with the kit except that the incubation time was increased to 3 h at 37 °C. In vitro translation products were immune-precipitated using rabbit antiserum produced to EHDV, and Staphylococcus aureus Protein A (Pansorbin, Calbiochem-Behring) was used as the solid phase in the reaction (Mecham et al., 1986) . The immune-precipitated proteins were analysed by PAGE and autoradiography.
Preparation of viral proteins from infected cells. BHK-21 cells were infected with virus at a multiplicity of 1 p.f.u./cell. At 18 to 24 h after infection, 50 laCi/ml of [35S]methionine (New England Nuclear) in Eagle's minimal essential medium (without methionine) containing 2~ foetal bovine serum was added to the cells for 1 h to label the viral proteins. Cells were lysed with immune precipitation buffer (Kessler, 1975) containing 1 ~ Triton X-100 and 0.1 ~ aprotinin (Sigma) and centrifuged at 15 000 g for 5 min. The cell lysates were immune-precipitated and analysed by PAGE.
Peptide mapping. Viral proteins were peptide-mapped by partial proteolysis and one-dimensional PAGE as previously described (Mecham et aL, 1986) . Graphic representation of the autoradiographs was accomplished using an LKB UltraScan XL densitometer equipped with a helium-neon laser (LKB-Bromma).
RESULTS

Translation of unfractionated dsRNA
EHDV dsRNA was extracted from infected BHK-21 cells, denatured with methylmercuric hydroxide and translated using the rabbit reticulocyte lysate system (Fig. 1 ). An RNA concentration of approximately 40 to 50 p.g/ml was found to be optimal. In vitro translation products were observed with electrophoretic mobilities identical to the viral structural proteins designated VP1, VP2, VP3, VP4, VP5 and VP7 and to a non-structural viral protein designated NS1. A protein synthesized in vitro with a mobility equal to that of VP6 was not observed. Proteins were also produced by in vitro translation that were not readily observed in the lysates 1257 from infected cells. It was necessary to denature the viral dsRNA with methylmercuric hydroxide for 10 min at 37 °C and to carry out in vitro translation for 3 h to obtain adequate production of VP1, VP2 and VP3. Even under these conditions, VP 1 was produced in very small amounts.
Translation o f individual species of dsRNA
Total genomic dsRNA was fractionated by preparative PAGE as described in the Methods. All of the genome segments except 7 and 8 could be resolved. Numerous attempts to separate these two segments using various gel systems were unsuccessful. The purity of the isolated segments was determined by PAGE and silver staining (Fig. 2) . There was relatively little crosscontamination of the individual isolated species of dsRNA. The individual RNA species were translated in vitro as described. Fig. 3 shows the results of translations of all 10 isolated dsRNA segments. Part (a) shows the results of translation of segment 1. Translation of this segment produced a major high Mr product which comigrated with VP1 from infected cell extracts. Fig. 3 (b) shows the results of translation of the remaining genome segments. Genome segments 2 and 3 coded for major proteins comigrating with VP2 and VP3, respectively. Some cross-contamination of segments 2 and 3 appeared to have occurred during isolation of these segments. Translation of segments 1, 2 and 3 produced a number of minor proteins migrating below the major protein species. Segments 4 and 5 coded for proteins comigrating with VP4 and VP5, respectively. Segment 6 coded for a protein comigrating with NS1. Genome segments 7 and 8 were translated together and coded for a protein comigrating with VP7 and for another protein migrating between NS1 and VP6. Individual segments of EHDV dsRNA were cut from a preparative gel, eluted, and samples of each segment analysed by PAGE and silver staining. Lanes T, total dsRNA isolated from EHDV-infected BHK-21 cells; lanes 1 to 10, individual segments of EHDV dsRNA isolated from preparative gels.
Segment 9 coded for two proteins migrating between NS1 and VP6. The upper protein of this pair comigrated with one of the proteins coded for by segments 7/8 and was identical to it (as determined by peptide mapping), suggesting that synthesis of this protein was a result of crosscontamination of segment 9 with one of these other two segments. Attempts to enhance in vitro translation of segment 9 and decrease cross-contamination by varying the experimental conditions were unsuccessful. Finally, translation ofgenome segment 10 produced a protein that migrated approximately halfway between VP7 and the dye front. This protein was produced in much lower amounts in infected cells than in the reaction in vitro. None of the in vitro translation products comigrated with VP6.
Peptide mapping o f translation products
Peptide mapping of the proteins produced by in vitro translation was performed to confirm the RNA coding assignments based upon their relative migration by PAGE as described above. The PAGE profiles of peptides generated by staphylococcal V8 protease cleavage of proteins synthesized in vitro were compared to the viral proteins with which they were postulated to be identical. The translated proteins postulated to correspond to VP2, VP3, VP4, VP5 and VP7 gave identical peptide map profiles to viral proteins from infected cells (Fig. 4) . It proved impossible to obtain adequate amounts of the protein translated in vitro that was postulated to correspond to VP1 to permit peptide mapping. Peptide mapping also indicated that the NS1 synthesized in vitro was identical to the NS 1 synthesized in vivo (Fig. 5) . NS 1 a, which is produced in infected cells but not during in vitro translation, is related to NS1 (Fig. 5c ). Peptide mapping of the two in vitro translation products migrating between NS1 and VP7 suggested that the product of segment 9 was related to VP6 synthesized in vivo (Fig. 6) . It was not possible to compare the in vitro product of segment 10 with its in vivo counterpart by peptide mapping because only small amounts of this protein were synthesized in infected cells. (1) and in vivo (2). Plugs containing the specified proteins were cut from preparative gels and wedged into the wells of a 15% polyacrylamide gel. Protease digestion was carried out in situ during electrophoresis using 5 ~tg/well of V8 protease. The isolated proteins were digested with 5 tag of V8 protease and the peptide fragments were separated by PAGE. The autoradiographs were scanned from top to bottom with an LKB laser densitometer. The top of each autoradiograph is at the left of each figure. 
DISCUSSION
The entire genome of EHDV codes for 10 viral proteins. A unique protein is encoded by each segment (Fig. 7) . Proteins corresponding to VP1, VP2, VP3, VP4, VP5, NS1 and VP7, as determined by PAGE, immune precipitation, and peptide mapping were produced by in vitro translation of viral dsRNA. In vitro translation of genome segments 7/8 and 10 produced two proteins not apparent in infected cells. These proteins were designated non-structural because they were not observed in purified virus. The proteins from segments 2 and 3 (VP2 and VP3) were produced in relatively smaller quantities in vitro than in vivo. and 3 produced numerous minor polypeptides, which may represent premature translation products of these larger RNAs, migrating below the major protein products. Similar observations have been made during in vitro translation of the larger genome segments of BTV type 1 (Mertens et al., 1984) . The protein products of genome segments 4, 5, 6 and 7 (VP4, VP5, NS1 and VP7) were quantitatively similar both in vitro and in vivo.
On the basis of peptide mapping the viral protein designated NSla appears to be related to NS1. The lack of NSla production during in vitro translation may indicate that a cellular protease is responsible for its production from NS1 during virus replication in infected cells. Similarly, the protein produced by in vitro translation of genome segment 9, which is similar by peptide mapping to VP6, may be processed intracellularly to form VP6. Mertens et al. (1984) have suggested that some type of regulatory mechanism may reduce the relative level of expression ofBTV genome segment 10 in vivo compared to its expression in vitro. We have observed a similar discrepancy with regard to segment 10 of EHDV. The observation that segment 9 of EHDV was translated less well in vitro than other small RNA species, even though present in similar amounts, adds further support to the idea that some regulatory mechanism may control the levels of translation of certain genome segments.
The genome coding assignment of EHDV closely resembles that of BTV type 1 (Mertens et al., 1984) and type 17 (Grubman et al., 1983) . In general, there was a good correlation between the size of genome segments and the proteins for which they coded. The exceptions to this rule were seen with segments 7/8 and 9. Segments 7/8 coded for at least one protein (VP7) which was smaller than the protein coded for by segment 9 (precursor to VP6). In this study, segment 10 produced only one protein which is in contrast to the results of Mertens et al. (1984) with BTV type 1, but similar to the results of Grubman et al. (1983) with BTV type 17. In addition, we did not see a crossover in relative sizes of proteins coded by segments 2 and 3 as observed with BTV type 17 (Grubman et al., 1983) .
VP2 of EHDV appears to contain serotype-specific antigenic determinants (Huismans & Erasmus, 1981) while other viral proteins, such as VP3, contain antigenic determinants which are shared with members of the bluetongue group (Huismans et al., 1979) . Determination of the protein coding assignment of the genome segments, as reported in this study, will be of value in producing reagents, such as cDNA probes, for the diagnosis of EHDV infections.
